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PROBLEM TO BE SOLVED: To provide surface emitting 
semiconductor laser permitting to set a radiation angle of the laser 
small even if the laser is increased in power. 
SOLUTION: This surface emitting semiconductor laser has a 
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accumulation (cylindrical part) 101 containing a part of the resonator 
is contained. A contact layer 102 of the cylindrical part 101 forms a 
lens shape part 115 having a convex lens surface; 
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'* NOTICES ♦ 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

■ 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2jIp¥** shows the word which can not be translated. • 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Clalm(s)] 

[Claim 1] Field luminescence mold semiconductor laser from which it has a vertical resonator on a semi- 
conductor substrate, the semi-conductor deposition otyect of the shape of a column which is the field 
luminescence mold semiconductor laser which carries out outgoing radiation of the laser beam in the direction 
perpendicular to said semi-conductor substrate from said resonator, and contains said some of resonators at 
least is included, and the laser outgoing radiation side of the top face of said semi-conductor deposition object 
constitutes a convex lens side. 

[Claim 2] The lens configuration section which has said convex lens side in. claim 1 is the field luminescence mold 
semiconductor laser containing the contact layer which constitutes .said semiconductor deposition otyect 
[Claim 3] It is the field luminescence mold semiconductor laser which consists of a simple substance of a contact 
layer with which said lens configuration section constitutes said semi-conductor deposition object in claim 2. 
[Claim 4] It is the field luminescence mold semiconductor laser which consists of a lens layer by which said lens 
configuration section was formed on said contact layer and this contact layer in claim 2. • 
[Claim 5] It is the field luminescence mold semiconductor laser by which said lens layer is .constituted from a 
semi-conductor layer which has a bigger band gap than the band gap equivalent to the energy of a laser beam in 
claim 4, and said contact layer is constituted from a semi-conductor layer with a band gap smaller than said lens 
layer. 

[Claim 6] Said lens layer is field luminescence mold semiconductor laser from which it consists of two or more 
layers from which a refractive index differs in claim 4» and the refractive index of this lens layer changes in 
multistage. 

[Claim 7] claim 6 — setting — said lens layer — the 1 st lens layer — this — the field luminescence mold 
semiconductor laser to which said 2nd lens layer is located in a high order from said 1 st lens layer including the 
2nd lens layer with a larger refractive index than the 1 st lens layer. 

[Claim 8] It is the field luminescence mold semiconductor laser whose refractive index is the layer from which 

said lens layer is changing continuously in claim 4. .... . . 

[Claim 9] It is the field luminescence mold semiconductor laser whose semi-conductor, deposition object of the. . 
shape of said column is a mesaHike in either claim 1 - claim 8. 

[Claim 10] It is the field luminescence mold semiconductor laser to which the shape of a curved surface 

[ ol^ect / of the shape of said column / semi-conductor deposition ] in the side face in either claim 1 - 
claim 8 is made. 

[Claim 1 1] The manufacture approach of the field luminescence mold semiconductor laser containing following 
process (a) - (dX 

(a) The process which. deposits two or more semi-conductor layers, and forms a semi-conductor deposition 
okuect on a semi-conductor substrate, (b) The process which forms the 1st resist layer of a predetermined 
pattern on said semi-conductor deposition object, (c) The process which is made to heat and carry out a reflow 

- • of said 1st resist layer, fabricates this resist layer in a convex lens-like cbnfigurationrand forms the-2rid resist 

layer, and (d) etching remove said 2nd resist layer at least The process which forms the lens configuration 
section by which the configuration of said 2nd resist layer was reflected in the upper part of said semi-conductor 
deposition otyect 

[Claim 12] It is the manufacture approach of the field luminescence mold semiconductor laser containing the 
contact layer from which the lens configuration section constitutes said semi-conductor deposition object in 
claim 11. 

[Claim 13] It is the manufacture approach of field luminescence mold semiconductor laser which consists of a 
simple substance of a contact layer with which said lens configuration section constitutes said semi-conductor 
deposition ol^ject in claim 11. 
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[Claim 14] It is the manufacture approach of field luminescence mold semiconductor laser which consists of a 
• lens layer by which said lens configuration section was formed on.said contact layer and this contact layer.ino 
claim 11.'- . • • r ' . • .v/ki::' - . iV-. ^ :* : i- . *. V'-- 'rC' 

[Claim 15] It is the manufacture approach of field luminescence mold semiconductor laser that said lens layer i 
consists of semi-conductor layers. which: have a bigger band gap than the band gap equivalent to the' energy of a 
laser beam in claim 14. and said contact layer consists of semi-conductor layers with a band gap smaller thian* 
said lens layer. • : ...... ;i c .> ^t^-. • «• ^?v: - . .-^./j^i u.. ^/i':: ? ^* * 

[Claim* 16] Said lens layer is the manufacture approach of field luminescence mold semiconductor laser thati 
consist of two or more layers firom which a refractive index differs in claim 14, and the refractiveiindex of this 
lens layer changes, in multistage. • i • t . • • s::.- . v.: o". v 

[Claim 17] claim J 6 — setting.— said lens layer —.the 1 1st lens layer — this:— the.manufecture-approachof' 
field luminescence mold semiconductor laser that said 2nd lens layer IsMocated in a high order fi^om said 1st lens 
layer includihg.the 2nd lens layer with a larger, refractive index than the 1st lens layer. , . » > 

. [Claim 18jit is the manufacture approach of field luminescence mold semiconductor laser that a refractive index 
:i.is the layer from which said lens layer is changing continuously in claim 14. . • • ' 
i. [Claim. 19]:The etch selectivity of said semi-conductor deposition object to the resist layer in [ in / on claim 1 1 
and / said process (d) ] said etching is. the -manufacture approach of the field luminescence mold semiconductor 
..i Iaserwhich=is:0:5-h0./. S .i ■ ■■i*^^ i -^-^i* ^i'' .'K- ^ ' • ' '-'^ * • 

[Claim 20] It is the manufacture approach of the-field luminescence mold semiconductor laser made by the *^ 
reactant ion-beam-etching approach that said etching added [ in / on claim 11 and / said process (d) ] .oxygen to 

U.;Chlorine-^based:gas:i' v*v,..ir; t-.virM ^ .v ;i- . 'j: .'.^Z/^--' • .r : -..♦i'':; 

'[Claim 21] The manufacture :approach of the field lumiheiscence mold semiconductor laser which etches said.* . 
some of semi-TConductor deposition objects by using said 2nd;re5ist layer as:a mask.and forms the: semi-: . 
conductor deposition'object-^of the shape of a mesa-like column. after said-process (c) in claimM.I.; -c. 
[Claim 22] The manufacture approach of. the .field luminescence mold semiconductor laser which forms the semi- 
conductor deposition object and said lens configuration section of the. shape of said column by using said 2nd. 
resist layer as a mask in said process (d) in claim 11. 5 -.v. ^ r'..^ 

:s[Translation doneJ-::•^ •.^ •v-^:-^ v^.- \.'c v^j?;'*'.- . -^-^ '^.i^ i.-v !:y : r-: - 

•r..»'.' *»'.'• .t.»!' 'til •"• ... ■ • . i'.'.'" ■' 
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. DETAILED DESCRIPTION . 



i[Detailed.Description.of the Invention]-.. - : i - . 

[Field of the Invention] This invention relates to the, field luminescence mold semiconduptor laser. which carries 
out outgoing radiation, of the laser beam, perpendicularly to a semi-conductor substrate, and its manufacture 
approach. .* ■* . . .* • ' i*» -^i. . "■* • ^v i - i'*-* . 

[0002] •• . • : .*! . • • ■ "t •».!:•, -i. 

[Background of the Invention] In recent years, the plastic optical fiber attracts attention as 9 fiber for optical 
communication of an end system. Since a plastic optical fiber is rich.in flexibility, being able to install by low cost 
and excelling in reinforcement moreover, since [ that a core diameter is very large ] connection is easy compared 
with the conventional quartz fiber, handling is equipped, with the description, of being easy.- 
[0003] A surface emission-type laser is mentioned as the light source applied to a plastic optical fiber. The 



isurfece emission-type laser has the outstanding description [ angle / laser outgoing radiation ] compared witii 
end^ace laser that it is small isotropic. Thus, incidence of tiie laser beam can be directly carried out to an optical 
fiber exactiy and efficientiy by applying a surface emission-'type laser with a small laser radiation angle to a 
plastic optical fiber with a large core diameter, without minding a lens between an optical fiber and tiie light* 
source. The optical-communication module which consists of a thereby very easy configuration is realizable. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since there is a fault that transfer loss is large, in order to 
. lengthen a transmission distance, the light source of a big optical output is needed for a plastic optical fiber. In 
order to increase the laser output of a surface emission-type laser, it is effective to enlarge laser outgoing 
radiation aperture. However, if laser outgoing radiation aperture is enlarged, the problem that a radiation angle 
becomes large will arise. It results in causing directiy, the fall of the quantity of light of the laser beam in which 
increase of a radiation angle carries out incidence to joint efFectiveiiess, i.e., fiber incore, reduction of an 
installation margin, etc., when incidence is performed for a laser beam to an optical fiber for simplification of the 
configuration of an optical transmitting module, without minding a lens between direct coupling. I.e.. an optical fiber, 
and the light source. Therefore, there was a problem that coexistence of simplification of securing the die length 
of a transmission distance and the configuration of the optical transmitting module by direct coupling was difficult 
[0005] Even if the above-mentioned coexistence is achieved and the purpose of this inventi'on specifically 
increases a laser output, it is to offer the field luminescence mold semiconductor laser which makes it possible to 
set up the radiation angle of -a laser beam small, and its manufecture approach. 
[0006] 

[Means for Solving the Problem] The field luminescence mold semiconductor laser of this invention has a vertical 
resonator on a semi-conductor substrate, it is the field luminescence mold semiconductor laser which carries out 
outgoing radiation of the laser beam in the direction perpendicular to said semi-conductor substrate, and the 
semi-conductor deposition object of the shape of a column which contains said some of resonators at least is 
included, and the laser outgoing radiation side of the top face of said semi-conductor deposition olyect 
constitutes a convex lens side from said resonator. 

[0007] Thus, since the laser outgoing radiation side of the top face of a columnHike- semi— conductor deposition 
okuect (henceforth the "pillar-shaped section'') constitutes the convex lens side, in a laser outgoing radiation side, 
a laser beam can be made refracted and the radiation angle can be narrowed. Moreover, according to this, since a 
radiation angle is controllable in a laser outgoing radiation side, since a laser output is increased, even if it 
enlarges laser outgoing radiation aperture, it also becomes possible to set up a radiation angle small. 
[0008] As for the lens configuration section which has said convex lens side, it is desirable to include the contact 
layer which constitutes said semi-conductor deposition object. 

[0009] The lens configuration section containing a contact layer can take the.cpnftguration.of.a publication-below. . 
[0010] (1) Said lens configuration section is- set to the 1st from the simple : substance -of the. contact layer which 
constitutes said semi-conductor deposition object. 

[001 1] Thus, when the lens configuration section consists of a simple substance of a contact layer, the laminating 
of another semi-conductor for the lens configuration section cannot be carried out, and a routing counter can be 
stopped to the minimum. 

[0012] (2) Said lens configuration section is set to the 2nd from said contact layer and the lens layer formed on 
this contact layer. 

[0013] Thus, thin film-ization of a contact layer can be attained by having prepared the lens layer on the contact 
layer. 

[0014] Moreover, said lens layer consists of semi-conductor layers which have a bigger band gap than the band 
-gap equivalenttb the energy of a laserbeam in this case, and, as for said'^contact layer, itismore desirable- than-- 
said lens' layer for a band gap to consist of small semi-conductor layers. 

[001 5] Thus, good ohmic contact in an up electrode and a contact layer is attained by that tiie band gap of a 

contact layer is small. Moreover, by preparing said lens layer, said contact layer can be thin-filmHzed and the 

light absorption loss by the contact layer can be suppressed to the minimum. Thereby, coexistence with 

improvement in ohmic contact and prevention of light absorption loss can be aimed at. 

[0016] As for said lens layer, it is desirable to take the configuration of a publication below. 

[0017] ** Said lens layer is set to the 1st from two or more layers from which a refractive index differs, and the 

refractive index of this lens layer is changing to it in multistage. 

[0018] Thus, if the refractive index is changing in multistage, when a lens layer is the spherical surface-like, 
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spherical aberration can be amended effectively. 

[0019] moreover — the case where said lens layer consists of this configuration — said lens layer — the 1st lens 
layer — this — it is still more desirable to locate said 2nd lens layer in a high order from said 1st lens layer 
including the 2nd lens layer with a larger refractive index than the 1st lens .layer. 

[0020] When the 1st lens layer shortens a focal distance and the 2nd lens layer lengthens a focal distance by 
taking such a configuration, spherical aberration can be amended certainly. 

[0021] ** Said lens layer is a layer from which a refractive index changes to the 2nd continuously. 

[0022] Since spherical aberration exists continuously, when a refractive index uses a lens layer as the layer which 

changed continuously, it can amend spherical aben^tion still more certainly. . 

[0023] As for said pillar-shaped section, it is desirable that it is a mesaHike. Thereby, the valley of the cun^nt 
which fiows from an up electrode to a lower electrode can be demarcated. 

[0024] Moreover, said pillar-shaped section may have the shape of a curved, surface where the side face is 
gentiy-sloping. The unifomn up electrode of thickness can be fonned. and thereby, coverage improves and it is 
hard coming to generate an open circuit according to the side face of the pillar-shaped section being gently- 
sloping. 

[0025] Moreover, the field luminescence mold semiconductor laser concerning this Invention can be formed by the 
manufacture approach containing following process (a) - (d). 

[0026] (a) The process which deposits two or more semi-conductor layers, and forms a semi-xonductor 
deposition object on half-******, (b) The process which forms the 1st resist layer of a predetermined pattern on 
said semi-conductor deposition object (c) The process which is made to heat and carry out a reflow of said 1st 
resist layer, fabricates this resist layer in a convex lensHike configuration, and forms the 2nd resist layer, and (d) 
etching remove said 2nd resist layer at least The process which forms the lens configuration section by which 
the configuration of said 2nd resist layer was reflected in the upper part of said semi-conductor deposition object 
[0027] According to this manufacture approach, since the pillar-shaped section and' the lens configuration section 
can be formed by the self aryne, optical^xis doubling is unnecessary and does not produce an optical-axis gap. 
either. 

[0028] The configuration of the lens. configuration section in said process (d) can apply the thing of a 
configuration of.having- mentioned above 

[0029] As for the etch selectivity (henceforth a "selection ratio*) of a semi-conductor deposition otyect to the 
resist layer in etching of said process (d). it is desirable that it is 0.5-1.0. The lens configuration section of desired 
cun/ature can be formed by making a selection ratio small like 0,5-1 .0. reflecting the configuration of said 2nd 

. resist layer in the upper part of said semi-conductor deposition object 
[0030] Moreover, as for etching of said process (d), it is desirable to be made by the reactant ion-beam-etching 

% approach .which added. oxygen^to^chlorinerJ^aeed gas. .Thereby, .a. selection ratio Je.controllable. by. adjusting the 
amount of oxygen. Consequentiy, a lens configuration is easily controllable; . : >• « • 
[0031] Furthermore, as for the manufacture approach of this invention, it is desirable to have the process (e) 
which etches said some of semi-conductor deposition otyects by using said 2nd resist layer as a mask, and forms 
the semi-conductor deposition otyect of the shape of a mesa-like column after said process (c). - 
[0032] Since it requires only changing etching gas for the shift to etching [ at the time of using the same mask for 
formation with the pillar-shaped section and the lens configuration section, and forming the pillar-shaped 
section ] at the time of forming the lens configuration section from etching according to this approach, the 
above-mentioned process can be advanced easily. 

[0033] Moreover, in not including said process (e), it is formed at the process that the pillar-shaped section and 
the lens configuration section are the same, and the inclination of the side face of said semi-conductor deposition 
object beconries gentiy-sloping. The uniform up electrode of the thickness whoSe-cbverage Improved can be— • - 
fonned by this, and it is hard coming to generate an open circuit of an up electrode. 

[0034] Although especially the resist ingredient used for formation of said 1st resist layer at said process (b) is 

not limited, its heatrresistant low photoresist etc. is desirable in comparison. 

[0035] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained, referring 
to a drawing. 

[0036] (Gestalt of the 1 st operation) 

(Structure of a device) Drawing 1 is the sectional view showing typically the field luminescence moid 
semiconductor laser (henceforth a "surface emission-type laser") concerning the gestalt of operation of the 1st 
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of this invention. 

[0037] The distribution reflective mold multilayers mirror of 25 pairs to which the surface emission-type laser 1 00 
shown in drawins t carried out the laminating of aluminumO.15GaO.85 As and the AlAs by turns on the n mold 
GaAs substrate 109 (Hereafter) it is called a ''lower DBR mirror" — GaAs with a 104 and a thickness of 3nm — a 
well — from a layer and an aluminum0.3Ga0.7As barrier layer with a thickness of 3nm — changing — this — a 
well — a layer the quantum well bamer layer 105 which consists of three layers, aluminum0.15Ga0.85Ais, and 
aluminum0.9Ga0.1As The laminating of the distribution reflective mold multilayers mirror (henceforth an ''up DBR 
mirror'') 103 and the contact layer 102 of 30 pairs which carried out the laminating by turns is carried out one by 
one, and they are formed. 

[0038] The up DBR mirror 103 is used as p mold by doping Zn, and let the lower DBR mirror 104 be n mold by 
doping Se. Therefore, a pin diode is formed by the quantum well barrier layer 105 and the lower DBR mirror 104 
by which the up DBR mirror 103 and the impurity are not doped. 

[0039] The contact layer 102 needs to be the quafity of the material which is mentioned later and In which the up 
electrode 106 and ohmic contact are possible, and consists of aluminum0.15Ga0.85As by which It was doped in 
the case of the AIGaAs system ingredient (for example, three or more [ 101 9cm - ] high-concentration impurities). 
[0040] The pillar-shaped section 101 is formed by etching in the shape of a mesa except for a predetermined field 
to the middle of the contact layer 102, the up DBR mirror 103, the quantum well barrier layer 105, and the lower 
DBR mirror 104. The top face of the contact layer 102 serves as a convex lens configuration at the top face of 
the pillar-shaped section 101, and the concrete target Hereafter, the convex lens configuration section prepared 
on the up DBR mirror 103 is only called lens configuration section 115. 

[0041] Furthermore, the side face of the pillar-shaped section 101 reaches in part, and as an insulating layer 108 
covers the top face of the lower DBR mirror 1 04, it is formed. 

[0042] And on the top face of the pillar-shaped section 101, as the up electrode 106 contacts the contact layer 
102 and in the shape of a ring and covers a part of side fiace of the exposed pillar-shaped section 101, and front 
face of an insulating layer 108, it is formed. Moreover, the lower electrode 107 is formed in the bottom of the n 
mold GaAs substrate 109. 

[0043] With the up electrode 106 and the lower electrode 1.07, if the electrical potential difference of the forward 
direction is impressed to a pin diode, in the quantum well barrier layer 105, the recombination of an electron* and 
an electron hole will happen and recombination radiation will arise. Then, in case the produced light goes back and 
forth between the up DBR mirror 103 and the lower DBR mirrors 104, induced emission happens and luminous 
intensity Is amplified. If the Mitsutoshi profit turns around optical loss a top, laser oscillation will happen and 
outgoing radiation of the laser beam will be perpendiculariy carried out from opening of the up electrode 106 to a 
substrate. 

[0044]. It being. characteristic.in the gestalt of .this operatioa.is formed, in a' convex lens, configuration, the top^face. 
i.e.. the laser outgoing radiation side, of the pillar-shaped section 101; as shown in drawing. 1. .R>. 1. Thereby, in^a si* 
laser outgoing radiation side, a laser beam can be made refracted and the radiation angle can be narrowed. 
Moreover, according to this, since a radiation angle is controllable in a laser outgoing radiation side, even if it 
enlarges laser outgoing radiation aperture, it also becomes possible to set up a radiation angle small. 
[0045] (Manufacture process of a device) Next, the manufacture process of a surface emission-type laser 100 
shown in drawing 1 is explained. Drawing 2 - drawing 6 are the mimetic diagrams having shown the production 
process of a surface emission-type laser 1 00. 

[0046] (a) Explain first, referring to drawing 2 . On the n mold GaAs substrate 109, the laminating of 
aluminumO.15GaO.85As and the AlAs is carried out by turns, and the lower DBR mirror 104 of 25 pairs which 
doped Se is formed, next, the lower DBR mirror 104 top — GaAs with a thickness of 3nm — a well — from a 
layer and an aluminumO.3GaO.7As barrier layer with a thickness of 3nm — changing — this a- well — a layer 
forms the quantum well barrier layer 105 which consists of three layers. Furthermore, on the quantum well barrier 
layer 105. the laminating of aluminum0.15Ga0.85As and the aluminum0.9Ga0.1 As is canied out by turns, and the 
up DBR mirror 103 of 30 pairs which doped Zn is formed. Then, the laminating of the contact layer 102 which 
consists of aluminumO.15GaO.85A8 on the up DBR mirror 103 is carried out 

[0047] above-mentioned each class — organic metal vapor growth (MOVPErMetaHOrganicVapor Phase Epitaxy) 
— epitaxial growth can be carried out by law. 750 degrees C and a growth pressure are 2x104Pa. at this time, for 
example, growth temperature, the organic metal of TMGa (trimethylgallium) and TMAI (trimethylaluminum) can be 
used for an HI group raw material, and it can use DEZn (dimethyl zinc) for V group raw material at H2Se and p 
mold dopant at AsH3 and n mold dopant. 
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[0048] Next on the contact layer 102, after applying a photoresist as shown in drawing 2 . the 1st resist layer R1 
of a predetermined pattern is formed by carrying out patterning of the photoresist with photolithography. 
[0049] (b) Subsequently, make heating and a reflow, i.e., the fused resist flow, and carry, out the reconstititution 
of the 1st resist layer R1. -Thereby, the 1st resist layer R1 deforms in response to the effect of surfece tension in 
the shape of [ as shown in drawing 3 ] a convex lens, and the 2nd resist layer R2 is formed., For example, it can 
carry out using a hot plate or warm air circuit system oven as the heating approach. Although the conditions at 
the time of using a hot plate change according to the quality of the materialof a resist tiiey are 150 degrees- C or 
more, and are 5 minutes preferably for 2 to 10 minutes. Moreover, in the case of warm air circuit system oven, it 
is 1 60 degrees C or more, and 20 30 minutes is suitable for it 

[0050] (c) Subsequentiy, as shown in drawing 4 . by using the 2nd resist layer R2 as a mask, stopping the lens 
configuration of the 2nd resist layer R2 to the middle of the contact layer 102, the up DBR mirror 103/ the 
quantum well barrier layer 105, and the lower DBR mirror 104, by the reactiveHon-etching method, etch in the 
shape of a mesa and form the pillar-shaped section 101. The reactant ion-beam*etching method for having used 
chlorine or chlorine-based gas (a hydrogen chloride, BCI3) as etching gas is usually used for tiiis etching. As for 
the selection ratio of this etching, it is desirable that it is 2.0 or more. Under the present circumstances, in the 
range which does not affect a selection ratio, in order to stabilize the plasma state, Ar may be added. 
[0051] (d) After that by the dry etching method which are 0.5-1 .0, a selection ratio etches the 2nd resist layer 
R2 and lower DBR mirror 104, and- makes the top face of the contact layer 102 a convex lens configuration. In 
this etching, the configuration of the shape of that convex lens is imprinted in the contact layer 102, making the 
lens configuration of the 2nd resist layer R2 as a fictitious outline shows, before performing an etching process by 
drawing 5 reflect As a dry etching method, the reactant ion-beam--etching. method which added oxygen in the 
amount of oxygen in the chlorine-foased gas which can acUust a selection ratio is desirable. Moreover, the ion- 
beam-etching method using Ar gas is also applicable. 

[0052G (e) Subsequently, form silicon oxide (SiOX film) of lOO^SOOnm of thickness on a substrate using SiH4 
(mono silane) gas and 02 (oxygen) gas with the ordinary pressure heat CVD method which makes N2 (nitrogen) • 
gas carrier gas. Then, by the photolithography and dry etching, as shown in drawing 1 .. except for a part of side 
face of the pillar-shaped section 101 . and a part of lower DBR mirror 104, etching removal of the silicon oxide is 
carried out and an insulating layer 108 is formed. 

;v [0053] Subsequentiy, with a vacuum, deposition method, on the lower DBR mirror. 104, an Au-Zn alloy layer- is 
formed, using the photolithography method, as shown in drawing 1 . etching removal of this iailoy layer is carried 
out and the up electrode 106 is formed so that the top face of the pillar^shaped section 101 may be exposed. 
[0054] Then, the lower electrode 107 which consists of an Au-germanium alloy layer is formed in the inferior 

• surface of tongue of a substrate 109 by the vacuum deposition method, and field luminescence laser as shown in 

dra win g. .1 is completed..:.* .vi.-,-.;*.:t.^. ."..i. ^.^t*. j.r,v'..,'.;/.,L-: *.t ,V,* ,,*....vc..v-- ... ,« 

[0055] Thus, in order to form the- pillar-shaped* section- 101 and the. lens configuration section .IIS by the self * - 
aryne, optical-axis doubting is unnecessary and does not produce an. optical-axis gap, either. Moreover, since it 
requires only changing etching gas for the shift to etching [ at the time of using the same mask for formation with 
the pillar-shaped section 101 and the lens configuration section 115, and forming the pillar^shaped section 101 ] 
at the time of forming the lens configuration section 115 from etching, the above-mentioned process can be 
advanced smoothly. 

[0056] The surface emission-type laser of the AIGaAs system in the gestalt of this operation is preferably 
applicable in consideration of the presentation of a contact layer in the laser oscillation wavelength of 780nm or 
more which the absorption between bands in this contact layer of a laser beam does not produce. 
[0057] (Gestalt of the 2nd operation) ' 

(Structure of a device) Drawing 7 is the sectional- view showing typically the'surface-emissibn--type-laser -200-^ 

concerning the gestalt of operation of the 2nd of this invention. 

[0058] The surface emission-type laser 200 concerning the gestalt of this operation differs fi^om the gestalt of 
the 1 st operation at the point of the layer structure of the semi-conductor layer of the lens configuration section 
1 1 5 in the pillar-shaped section 1 01 . About the configuration of those other than this, since it is the same as that 
of the gestalt of the 1st operation, detailed explanation is omitted.' The surface emission-type laser 100 which 
starts the gestalt of the 1 st operation in the gestalt of this operation, and which gives the same sign to the 
part which has the same function substantially. 

[0059] The layer structure of the lens configuration section 115 has taken the configuration by which the lens 
layer 110 was further formed on the contact layer 102. Moreover, the top face of the lens configuration section 
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115 consists of a part of top face of the lens layer 110. and top face of the contact layer 102, and is constituted 
from a core by concentric circular in detail in order of [ a part of } the top face of the lens layer 110. and the top 
face of the contact layer 102 subsequently to exposed to the surroundings of it in the shape of a ring. The 
contact layer 102 consists of QaAs by which a semi-conductor with a small band gap, for example, a high- 
concentration impurity, was doped for the purpose of securing the ohmic contact to the contact layer 102 and 
the up electrode 106. On the other hand, depending on laser oscillation wavelength, absorption loss of a laser 
beam may start by absorption between bands in the contact layer 102 with a small band gap. In consideration of 
this, the contact layer 102 is thinHilmHzed to 500-1 OOOnm of thickness which can suppress absorption loss of 
the laser beam by the contact layer to the minimum, for example, thickness. 

[0060] Furthermore, the function as the lens configuration section 1 1 5 is not secured only in the contact layer 
102 by having thin-f ImHzed the contact layer 102. Then, the lens layer 110 is formed on the contact layer 102 
for the purpose of making a lens function discover certainly. A band gap is a bigger semi-conductor than the 
, energy of a laser beam, and the lens layer 110 consists of aluminumO.5QaO.5As of the semi-conductor which 
optical loss by free carrier dispersion cannot produce easily, for example, low carrier concentration, and a non 
dope etc. 

[0061] It being characteristic in the gestalt of this operation is having formed the lens layer 1 10, In order to thin- 
film-ize the contact layer 1 02 and to secure a lens function. When the band gap of the contact layer 1 02 is 
smaller than the band gap equivalent to the energy of a laser beam, absorption loss of the laser beam by the 
contact layer 102 arises. However, with the gestalt of this operation, the contact layer 102 is thin-film-ized like 
the above-mentioned description to the thickness which can suppress- absorption loss of the laser beam by the 
contact layer 102 to the minimum. For this reason, it becomes possible to apply the semi-conductor which has a 
band gap smaller than the energy of a laser beam to the contact layer 102. Consequentiy, since ohmic contact is 
made easy to take, rather than the energy of a laser beam, the band gap of the contact layer 102 can be made 
small, and, thereby, the contact resistance of the up electrode 106 and the contact layer 102 can be reduced. 
[0062] As mentioned above, according to the gestalt of this operation, in a laser outgoing radiation side, a laser 
beam can be made refracted and the radiation angle can be nan^owed by the lens configuration section 1 15 which 
has a convex lens configuration. Moreover, according to this, since a radiation angle is controllable in a laser 
outgoing radiation side, even if it enlarjges laser outgoing radiation aperture,, it also becomes possible to set up a 
radiation angle small. Furthermore, rather than the energy of a laser beam, the band gap of the contact layer 102 
can be made email, and, thereby, the contact resistance of the up electrode 106 and the- contact layer 102 can be 
reduced. 

[0063] (Manufacture process of a device) As .the manufacture approach of the surface emission-type laser 200 in 
the gestalt which is this operation, the contact layer which consists of GaAs of 500-1 OOOnm of thickness after up 
.,..DBR..mirror.forrnation.in,the.(a) process- in thagestalt of,the.l8t.operation.is formed,..and.the>lensJayer.lJ.0.;whicK/.-.. 
• consists of alurhinum0.5Qa0.5As.of ^OOOrSOOOnm of thickness* is further-fbrmed.on'.a- contact layer: The same 
approach as the gestalt of the 1st operation can be used except it 

[0064] Thus, in order to form the pillar-shaped section 101 and the lens configuration section 115 by the self 
aryne, optical-axis doubling is unnecessary and does not produce an opticaHaxis gap, either. Moreover, since it 
requires only changing etching gas for the shift to etching [ at the time of using the same mask for formation with 
the pillar-shaped section 101 and the lens configuration section 115, and forming the pillar-shaped section 101 ] 
at the time of forming the lens configuration section 1 15 from etching, the above-mentioned process can be 
advanced smoothly. 

[0065] Although the surface emission-type laser of the AIGaAs system in the gestalt of this operation is 
applicable regardless of laser oscillation wavelength, in the case of laser oscillation wavelenjsth SOOnm or less, it is 
"especially "effective, *for 'example.-" •-•—*•— ; . .^.^ /^v _ it. . . . ......... . 

[0066] (Gestalt of the 3rd operation) 

(Structure of a device) Drawing 8 is the sectional view showing typically the surface emission^ype laser 300 
concerning the gestalt of operation of the 3rd of this invention. 

[0067] The surface emission-type laser 300 concerning the gestalt of this. operation differs from the gestalt of 
the 1st operation at the point of the layer structure of the semi-conductor layer of the lens configuration section 
115. About the configuration of those other than this, since it is the same as that of the gestalt of the 1 st 
operation, detailed explanation is omitted. The surface emission-type laser which starts the gestalt of the 1 st 
operation in the gestalt of this operation, and 'M' which gives the same sign to the part which has the same 
function substantially. 
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[0068] The lens layer 110 is formed on the contact layer 102 of the leps configuration section 1 15. As compared 
with the low refractiveHndex lens layer 1 1 1 and it, the laminating of the high refractiveHndex lens layer 112 with 
a large refractive index is carried out one by one, and the lens layer 1 10 is formed? and a part of top face of the 
contact layer 102 where it consists of GaAs which exposed the top face of the lens configuration section 1 15 in 
the shape of a ring in order to contact an up electrode- around it further, a part of top face- 11 2 of a high 
refractive-index lens layer, top face of the low refractiveHndex lens layer 1 1 1 exposed to the surroundings of it in 
the shape of a ring, and — concentric circular — and it is constituted so that the same curved surface may be 
made. 

[0069] The high refractive-index lens layer 112 has the role which makes the focal distance of incident light small, 
for example, consists of aluminumO.2GaO.8As. 

[0070] The low refractiveHndex lens layer 1 1 1 has the rote which enlarges the focal distance of incident light and 
consists of the quality of the material with a refractive index smaller than the high refractive-index lens layer 112. 
for example, aluminum0.8Ga0.2As. 

[0071] It being characteristic in the gestalt of this operation is that the top face of the lens configuration section 
115 comes to contain a part of top face of the high* refractiveHndex lens layer 112, and top face of the low 
refractiveHndex lens layer 111 exposed to the surroundings of it in the shape of a ring. 
[0072] According to this configuration, even if the top face of the pillar-shaped section 101 is a simple curved 
surface^ i.e., a spherical surface convex lens configuration, it can discover a compound curved surface; i.e.,' 
effectiveness equivalent to an aspheric surface convex lens configuration. That is, in the case of a configuration 
with the convex lens configuration of the top face of the pillar-shaped section 101 near the spherical surface or 
the spherical surface, the phenomenon in which the focal distance of the light which carried out incidence to Lens 
L becomes small produces a lens as it goes in the direction of a path from an optical axis so that it may be shown 
in spherical aberration, i.e.. drawing 9 . In order to amend this spherical aberration, the lens of the aspheric 
surface configuration which made small the curvature of the curved surface of the direction lateral part of a path 
from the optical axis ofa lens is usually used. 

[0073] The top face of the plantar-flexion chip box lens layer 112 is formed in a center section, the top face of 
the lens configuration section 115 of the pillar-shaped section* 101 concerning the gestalt of this operation is 
. exposed to the surroundings of it in the shape of a ring, and it has come to form a part of top face of the plantar- 
flexion chip box lens layer 11 1 with a small refractive index. as compared with it Thereby, spherical aberration can 
be amended, without aspheric-surfaceHzing the top face of the pillar-shaped section 101. That is, the focal • 
distance of the light which carried but incidence of the place where the focal distance of the light which carried 
out incidence becomes small to this part by having prepared' the exposure of the plantarrflexion chip box lens 
layer 1 12 with a small refractive index in the surroundings of the high dioptric lens layer 111 as compared with it 
. .can. be. enlarged, as it.goe5 .in.the,direction:ola-path-from that core . in. the. case:pf .the.:lensr.cbnfiguration:section.-.. 

115 which has a configuration near the spherical surface or the spherical surface. Thereby, amendment of : - * 
- spherical-aberration can be made easy. 
[0074] Moreover, in case the lens configuration section 1 15 is formed making the configuration of the 2nd resist 
layer R2 after a reflow reflect even if it is the case where detailed configuration control cannot be performed, a 
desired lens property can be acquired by controlling the refractive index of these lens layer 111,112. 
[0075] (Manufacture process of a device) As the manufacture approach of the surface emission-type laser 300 in 
the gestalt of this operation In the (a) process in the gestalt of the 1st operation, the contact layer 102 which 
consists of GaAs of 500-1 OOOnm of thickness after up DBR mirror 103 formation is formed. Subsequently On the 
contact layer 102, aluminumO.8GaO.2As of 500-1 500nm of thickness is; formed as a low refractiveHndex lens layer 
111. Further as a high refractive-index lens layer 112 Except having formed aluminumO.2GaO.8As of 500-1 500nm 
-df^ickness, itis the same as that-of the g 
[0076] It has the following advantages on a process by forming the low refractiveHndex lens layer 1 1 1 on the 
contact layer 102, and forming the high refractiveHndex lens layer 1 12 on it further as mentioned above. In case 
the lens configuration section 115 is formed making the configuration of the 2nd resist layer R2 after a reflow 
reflect even if it is the case where detailed configuration control cannot be performed, a desired lens property 
can be acquired by controlling the refractive index of these lens layer 111,112. 

[0077] Thus, in order to form the pillar-shaped section 101 and the tens configuration section 1 15 by the self 
aryne, optical-axis doubling is unnecessary and does not produce an optical-axis gap, either. Moreover, since it 
requires only changing etching gas for the shift to etching [ at the time of using the same mask for formation with 
the pillar-shaped section 101 and the lens configuration section 115, and forming the pillar-shaped section 101 ] 
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at the time of forming the lens configuration section 115 from etching, the above-mentioned process can be 
advanced smoothly.- . 

[0078] The lens layer of this invention is not limited to the two-layer structure. For example, the refractive index 
of the lens layer which the presentation was continuously changed at the time of crystal growth, and was 
obtained may be the monolayer which changed continuously sequentially from the lower layer. 
[0079] (Gestatt of the 4th operation) 

(Structure of a device) DrawinE 10 is the sectional view showing typically the surface emission-^type laser 400 
concerning the gestalt of operation of the 4th of this invention. 

[0080] The surface emission-type laser 400 shown in drawing 10 on the n mold GaAs substrate 109 GaAs with 
the lower DBR mirror 104, a quantum well barrier layer [ 105 ], and a thickness of 3nm — a well — from a layer 
and an aluminum0.3Ga0.7 As. barrier layer with a thickness of 3nm — changing — this — a well — a layer the 
quantum well barrier layer 105 which consists of three layers, aluminumO.15GaO.85As, and aluminumO.9GaO.1As 
Distribution reflective mold multilayers mirror (henceforth 1st up DBR mirror") 103a of five pairs which carried 
out the laminating by turns, The laminating of distribution reflective mold multilayers mirror (henceforth ''2nd up 
DBR mirror") 103b and the contact layer 102 of the current constriction layer 120 and 20 pairs which carried out 
the laminating of aluminumO.15GaO.85As and the aluminum0.9Ga0.1 As by turns is carried out one by one, and they 
are formed. The contact layer 102 can apply the same quality of the material as the gestalt of the 1st operation. 
[0081] 1st up DBR mirror 103a and 2nd up DBR mirror 103b are used as p mold by doping Zn, and let the lower 
DBR mirror 104 be n mold by doping Se. Therefore, a pin diode is formed by the 1st quantum well barrier layer 
105 and lower DBR mirror 104 by which up DBR mirror 103a and an impurity are not doped. 
[0082] With the gestalt of this operation, since the quantum well barrier layer 105 is fomned below the pillar- 
shaped section 101, it needs to demarcate the valley of a purrent so that the current poured in from the up 
electrode 106. may be intensively flowed to the core of the quantum well barrier layer 105. The current 
constriction layer 120 is formed as a means to demarcate the valley of this current The current constriction 
layer 120 consists of insulator layer 120b formed as enclosed semi-conductor layer 120a and it which were 
prepared in the core. This semi-conductor layer 120a consists of AlAs. Moreover, insulator layer 120b consists of 
an oxide which above-mentioned semi-conductor layer 120a is oxidized, and is obtained. Moreover, as for the 
current constriction layer 120, in the oxidation process explained later, it- is desirable to be formed below, the 
middle of the lower limit of Ist up DBR mirror 103a and the upper limit of 2nd up DBR mirror 103b in the range 
which does not affect the crystal of a surrounding semi-conductor. 

[0083] The pillar*shaped section 101 is formed by etching except for a predetermined field to the middle of the 
contact layer 102, 2nd up DBR mirror 103b. the current constriction layer 120, and Ist up DBR mirror 103a. The 
pillar-shaped section 101 has the side face which inclined gently-sloping. Moreover, the contact layer 102 forms 
.the.Jens.cpnfiguration sectionr.l.lS.inthejupper part of the.pillarrshapedusection :10.1,.-.and.a.concrete.target, and. . 
the top:face serves as a convex lens configuration at them. . ♦ ; : • 

[0084] And on the top face of the pillar^shaped section 101, the up electrode 106 contacts the contact layer 102 
and in the shape of a ring, and as it covers the side face of the pillar^shaped section 101, and 1st up DBR mirror 
103a, it is formed. Moreover, the lower electrode 107 is formed in the bottom of the n mold GaAs substrate 109. 
[0085] Next actuation of a surface emission-type laser 400 is explained. 

[0086] when the electrical potential difference of the forward direction is impressed to a pin diode with the up 
electrode. 106 and the lower electrode 107, the arrow head of drawing 10 shows — as — the order from 2nd up 
DBR mirror 103b — * semi-conductor layer 120a of the current constriction layer 120, and 1st up DBR mirror 103a 
— a passage — the quantum well barrier layer 105 — a current — flowing . Thereby,, in the quantum well barrier 
layer 105, the recombination of an electron and an electron hole happens and recombination radiation arises. Then, 
in case the produced light goes -back arid forth' between the up- DBR mirrors-l 03a and '103b arid the lower DBR - *' 
mirrors 104. induced emission happens and luminous intensity is amplified. If the Mitsutoshi profit turns around 
optical loss a top, laser oscillation will happen and outgoing radiation of the laser beam will be perpendicularly 
carried out from opening of the. up electrode 106 to a substrate. 

[0087] It being characteristic in the gestalt of this operation is having taken the configuration with the gentiy- 
sloplng inclination of the side face of the pillar-shaped section 101, as shown in drawing 1010 . thereby, in case 
the up electrode 106 is formed, it has uniform thickness — it can form up electrode 106. Consequently, an open 
circuit of the up electrode 106 can be made hard to produce. 

[0088] As mentioned above, since the top face of the contact layer 102 which is a laser outgoing radiation side 
has the convex lens configuration according to the gestalt of this operation, in a laser outgoing radiation side, a 
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laser beam can be made refracted and the radiation angle can be narrowed. Moreover, according to this,' since a 
radiation angle is controllable in a laser outgoing radiation side, even if it enlarges laser outgoing radiation aperture, 
it also becomes possible to set up a radiation angle small. 

[0089] Furthermore, an open circuit of the up electrode 106 can be made hard to attain good step coverage and 
to produce, since the side face of the pillar-shaped section 101 is the gently-sloping configuration of indtnation. 
[0090] (Manufacture process of a device) Next, the manufacture process of a surface, emission-type laser 400 
shown in drawing 10 is explained. Drawing 1 1 - drawing 14 show the production process of a surface emissiorr* 
type laser 400. 

[0091] (a) Explain first referring to drawing 1 1 . On the n mold GaAs substrate 109, the laminating of. 
aluminum0.15Ga0.85 As and the AlAs is carried out by turns, and the lower DBR mirror 104 of 25 pairs which 
doped Se is formed, next, the lower DBR mirror 104 top — GaAs with a thickness of 3nm. — a well — from a 
layer and an aluminum0.3Ga0.7As barrier layer with a thickness of 3nm — changing — this — a well — a layer 
forms the quantum well barrier layer 105 which consists of three layers.. Furthermore, on the quantum well barrier 
layer 105, the laminating of aluminumO.15QaO.85As and the aluminumO.9GaO.1As is carried out by turns, and 1st 
up DBR mirror 103a of five pairs which doped Zn is formed. Subsequently, semi-conductor layer 120c which 
consists of AlAs is formed in the location which is going to form the current constriction layer 120 on 1st up DBR 
mirror 103a. On this semi-conductor layer 120c, the laminating of aluminumO.15GaO.85As and the 
aluminum0.9Ga0.1 As is carried out further by turns, and 2nd up DBR mirror 103b of 20 pairs which doped Zn is 
formed. Then, the laminating of the contact layer 102 which consists of aluminumO.1 5Ga0.85As is carried out. 
[0092] Epitaxial growth of above-mentioned, each class can be carried out by the MOVPE method. 750 degrees 0 
and a growth pressure were 2x104Pa, at this time, for example, growth temperature, the organic metal of TMGa 
(trimethylgallium) and TMAI (trimethylaluminum) was used for the ID group raw material, and it used DEZn • 
(dimethyl zinc) for V group raw material at H2Se and p mold dopant at AsH3 and n mold dopant * 
[0093] Next, on the contact layer 102, after applying a photoresist as shown in drawing 1 1 , the 1st resist layer 
R1 of a predetermined pattern is formed by carrying out patteming of the photoresist * 

[0094] (b) Subsequently, make heating and a reflow, i.e., the fused resist' the 1st resist layer Rl flow, and perform 
the reconstititution. Thereby, the 1st resist layer Rl deforms into .the 2nd resist layer R2 of -a convex . 
' configuration as shown in drawing .1 2 in response to the effect of surface tension. For example, it can carry out 
using a hot plate or warm* air circuit system oven as the heating approach.- Although the conditions .at the time of 
using a hot plate change according to the quality of the material of a resist they are 150 degrees 0 or more, and 
are 5 minutes preferably for 2 to 10 minutes. Moreover, in the case of warm air circuit system oven, it is 160 
degrees 0 or more, and 20 - 30 minutes is suitable for it 

[0095] (c) As shown in drawing 13 after that by using the 2nd resist layer R2 as a mask, by the dry etching 

.method which are .0.5-1 .0, a.selectiort ratio: etches to.the^middle. of the contact layerJ 02,^2nd.up,DBR:mirror^v 

103b, semi-conductor layer 120c, and 1st up DBR. mirror 103a; and forms the pillar-shaped section. 101. In this 
etching, that convex configuration is imprinted to the deposit of a semi-conductor, making the convex 
configuration of the 2nd resist layer R2 before performing an etching process reflect as the fictitious outline of 
drawing 12 shows. As a dry etching method, the reactant ion-beam-etching method which added oxygen in the 
amount of oxygen in the chlorine-based gas which can adjust a selection ratio is desirable. Moreover, the ion- 
beam-etching method using Ar gas is also applicable. 

[0096] (d) Subsequently, as shown in drawing 1 4 , by exposing semi-conductor layer 1 20c which consists of AlAs 
to the bottom of an about 400-degree 0 steam ambient atmosphere for 1 to 30 minutes, AlAs oxidizes from the 
exposure to the inside, and the aluminum oxide which is an insulator is formed. Thereby, insulatingHayer 120b 
which consists of an aluminum oxide is formed, and the current constriction layer 120 is formed in the 

surroundings of semiconductor layer 120a which consists of AlAs' fora cbrer- . .^.w..-' ^.w.-.w,.^., 

[0097] (e) Subsequently, with a vacuum deposition method, on the pillar-shaped section 101. and 1st up DBR 
mirror 103a. form an Au-Zn alloy layer, using a photolithography and dry etching, as shown in drawing 10 , remove 
this alloy layer and form the up electrode 106 so that the top face of the contact layer 102 may be exposed. 
[0098] Then, the lower electrode 107 which consists of an Au-germanium alloy layer is formed in the inferior 
surface of tongue of a substrate 109 by the vacuum deposition method, and the field luminescence laser 400 as 
shown in drawing 10 is completed. 

[0099] Making the convex configuration of the 2nd resist layer R2 before etching reflect like the above-mentioned 
process (d), the convex configuration can be imprinted to the deposit of a semi-conductor, and the lens 
configuration section 115 and the pillar— shaped section 101 can be formed in coincidence. And the side face of 
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the pillar-shaped section 101 serves as a gentJy-sloping configuration. Therefore, the up electrode of uniform 
thickness can be formed in the side l^ce of the pillai^shaped section 101. Consequently, an open circuit of the up 
electrode 106 can be made hard to attain good coverage and to produce. 

[OlOOj Moreover, in order to form the pillar-shaped section 101 and the lens configuration section 115 by the self 
aryne. optical-axis doubling is unnecessary and does not produce an optical-axis gap, either. 
[01 01] (Gestalt of the 5th operation) 

(Structure of a device) Drawing 15 is the sectional view showing typically the surface emission-type laser 500 
concerning the gestalt of operation of the 5th of this invention. 

[0102] The surface emission-^type laser 500 concerning the gestalt of this operation differs from the gestalt of 
the 4th operation at the point of the configuration of the pillar-shaped section 101. About the configuration of 
those other than this, since it is the same as that of the gestalt of the 4th operation, the same sign is given to 
the surface emission^type laser 400 concerning the gestalt of the 4th operation, and the part which has the same 
function substantially, and detailed explanation is omitted. 

[0103] That is, the pillar-shaped section 101 is etched in the shape of a mesa, and is fomned, and compared with 
the gestalt of the 4th operation, the side face of the pillar^shaped section 101 is fomned so that inclination may 
become steep. Furthermore, the lens configuration section 1 15 is constituted, the upper part 102, i.e., the contact 
layer, of the pillar-shaped section 101, and the top face has become a -convex lens configuration. 
[0104] Actuation of the laser oscillation of a surface emission-type laser 500 is the same as that of the gestalt of 
the 4th operation. 

[0105] Since the top face of the contact layer 102 which is a laser outgoing radiation side has the convex 
configuration as mentioned above according to the gestalt of this operati'on, in a laser outgoing radiation side, a 
laser beam can be made refracted and the radiation angle can be narrowed. Moreover, according to this, since a 
radiati'on angle is controllable in a laser outgoing radiation side, even if it enlarges laser outgoing radiation aperture, 
it also becomes possible to set up a radiati'on angle small. 

[01 06] (Manufacture process of a device) Next, the manufacture process of a surface emission-iype laser 500 
shown in drawing 1 5 is explained. Drawing- 1 6 - drawing 18 show the. production process of a surface emissionT 
type laser 500. ' * 

[01 07] The manufacture approach of the surface emission*type laser 500 concerning the gestalt of this operation 
can be performed 4ike the gestalt of the 4th operation until it uses the resist layer R1 from the process, (a) in the 
gestalt of the 4th operation to a process (b) (i.e., the 1 st) as the 2nd resist layer R2 of a lens configuration. Below, 
the process after it is explained in fiill detail. 

[0108] (c) As shown in drawing 1 6 , by using the 2nd resist layer R2 as a mask, stopping the lens configuration of 
the 2nd resist layer •R2 to the middle of the contact layer 102 and 2nd up DBR mirror 103b, by the reactive-ion- 
etching. method, etch -in .the.shape. of a mesa, and .form. the^pillarTshapedjsection:.1 01.,The:reactant Jon:rbeam:r:^ . ^ . 
• etching method for having used chlorine or chlorine-based gas (a hydrogen ..chloride, BCI3) as etching gas is • 
usually used for this etching. As for the selection ratio of this etching, it is desirable that it is 2.0 or more. Under 
the present circumstances, in the range which does not affect a selection ratio, in order to stabilize the plasma 
state, Ar may be added. 

[0109] (d) As the 2nd resist layer R2 and up DBR min^or 103a are etched and it is shown in drawing 16 by the dry 
etching method selection ratios are 0.5-1.0, after that, make the top face of the contact layer 102 into a convex 
lens configuration. In this etching, that lens configuration is imprinted in the contact layer 102, making the lens 
configuration of the 2nd resist layer R2 before performing an etching process reflect, as the fictiti'ous outiine of 
drawing 5 shows. Under the present circumstances, it is etched into coincidence to the middle of 2nd up DBR 
mirror 103b, semi-conductor layer 120c, and 1st up DBR mirror 103a. As a dry etching method, the reactant ion- 
'beam-etching method which added oxygenHn'-tHe ariibunt-of oxygen'in the chlorine-based gas* which-^cah -adjust a • ' 
selection ratio is desirable. Moreover, the ion-beam-etching method using Ar gas is also applicable. 
[0110] (e) Subsequentiy, by exposing semi-conductor layer 120c which consists of AlAs to the bottom of an 
about 400-degree C steam ambient atmosphere for 1 to 30 minutes, AlAs oxidizes from the exposure to the 
inside, and the aluminum oxide which is an insulator is fonned. Thereby, insulating-layer 120b which consists of an 
aluminum oxide is formed, and the current constriction layer 120 is formed in the sun'oundings of semi-conductor 
layer 1 20a which consists of AlAs for a core. 

[0111] Subsequentiy, with a vacuum deposition method, on the pillar-shaped section 101 and 1st up DBR mirror 
103a, an Au-Zn alloy layer is formed, using a photolithography and dry etching, as shown in drawing 15 . this alloy 
layer is removed and the up electrode 106 is formed so that the top face of the contact layer 102 may be 
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exposed. 

[01 12] Then, the lower electrode 107 which consists of an Au-germanium alloy layer is formed in the inferior 
surface of tongue of a substrate 109 by the vacuum deposition method, and the field luminescence laser. 500 as 
shown in drawing 15 is completed. • • ... 

[01 13] Below, the advantage of the manufacture approach in the gestalt of this operation is explained In fiill detail. 

[01 14] Since it depends for the outer diameter of the contact layer 102 after etching, and the cun-ent • 

constriction layer 120 on the outer diameter of a resist by etching a deposit in the shape of a mesa by using the 

2nd resist layer R2 as a mask like the above-mentioned process (c). and including the process which fomns the 

pillar-shaped section, the contact layer .102 and the current constriction layer 120 which have a desired outer 

diameter can be formed with a sufficient precision. • ' 

[01 15] Moreover, in order to form the pillai^shaped section 101 and the lens configuration section . 1 15 by the self 

aryne, optical-axis doubling is unnecessary and does not produce an optical-axis gap, either. 

[0116] Moreover, since the contact layer 102 can be formed with a sufRcient precision, the touch area of the - 

contact layer 102 and the up electrode 106 can be made into predetermined magnitude.. 

[01 17] Furthermore, since the current constriction layer 120 can be fonned with a sufRcient precision, in case it 
oxidizes in a part of AlAs and the current constriction layer 120 is formed, semi-conductor layer 120a of the 
current constriction layer 120 can also be formed with a sufficient precision by making the amount of oxidation^ 

regularity. ' ' 

[01 18] In the gestalt of the above-mentioned operation, although the field luminescence mold semiconductor laser 
which consists of an AIGaAs system semi-conductor was described. it is applicable also about the field 
luminescence mold semiconductor laser which consists of semi-conductors, such as other ingredient systems, for 
example, a GalnP system, a ZnSSe system, and an InGaN system. 

[0119] Moreover, the configuration of the top face of the pillar-shaped section 101 and the lens configuration 

section 1 15 is not limited by the gestalt of the above-mentioned operation. 

[0120] 



[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing typically the field luminescence mold semiconductor laser concerning 
the gestalt of the 1st operation. 

[Drawing 2] It is the sectional view showing typically the process of the manufacture approach of the field 

luminescence mold semiconductor laser concerning the gestalt of the 1st operation:-- >..-^— ~- - 

[Drawing 3] It is the sectional view showing typically the process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 1st operation. 

[Drawing 4] It is the sectional view showing typically the process of the manufacture approach of the field * 

luminescence mold semiconductor laser concerning the gestalt of the 1 st operation. 

FDrawing 5l It is the sectional view showing typically the process of the manufacture approach of the field 

luminescence mold semiconductor laser concerning the gestalt of the 1st operation. 

[Drawing 61 It is the sectional view showing typically the process of the manufacture approach of the field 

luminescence mold semiconductor laser concerning the gestalt of the 1st operation. 

[Drawing 7l It is the sectional view showing typically the field luminescence mold semiconductor laser concerning 
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the gestaK of the 2nd operation. 

[Drawing 8] It is the sectional view showing typically the field luminescence mold semiconductor laser concerning 
the gestalt of the 3rd operation. ' ' * 

rPrawing 9] It is drawing having shown an example of spherical aberration. 

rPrawing 10] It is the sectional view showing typically the field luminescence mold semiconductor laser 
concerning the gestalt of the 4th operation. 

fPrawing 1 1] it is the sectional view showing typically the process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 4th operation. . 
FPrawing 121 It is the sectional view showing typically the process of the manufecture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 4th operation.- 
rPrawing 1 3] It is the sectional view showing typically the process of the manufacture approach of the field 
luminescence moid semiconductor laser concerning the gestalt of the 4th operation. 
. FPrawing 14] It is the sectional .view showing typically the process of the manufecture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 4th operation. 
FPrawing 15] It is the sectional view showing typically the field luminescence mold semiconductor laser 
concerning the gestalt of the 5th operation. 

FPrawing 1 6] It is the sectional view showing typically the process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 5th operation. 

FPrawing 17] It is the sectional view showing typically the process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 5th operation. 

FPrawing 18] It is the sectional view showing typically the process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of the 5th operation. 
[Pescription of Notations] 

100 Surface Emission-type Laser 

101 Pillar-shaped Section 
•1 02 Contact Layer 

103 Up DBR Mirror 

103a The 1st up DBR mirror 

103b The 2nd up DBR mirror 

* 1 04 Lower. PBR Mirror 

1 05 Quantum Well Barrier Layer 

106 Up Electrode 

107 Lower Electrode 

*■ l-OS. Insulating. Layer . .... . .v.?. ^ • — ... ;i....;^«.'^;:v»'-*.-^--"-r •..»*..•.",«.,.«..«...- .^•„..,^lu». 

• 109'.Substrate ^ • «• --r-^ • . . :j ...... 

110 Lens Layer 

1 1 1 Low Refractive-Index Lens Layer 

1 1 2 High Refractive-Index Lens Layer 
1 1 5 Lens Configuration Section 

1 20 Current Constriction Layer 
1 20a Semi-conductor layer 
1 20b Insulator layer 
1 20c Semi-conductor layer 
R1 1st resist layer 

. R2'2nd resist layer' • • - . — l^... . ; > - .i. ^ ^ ^.^ ^ , 

L Lens 



. [Translation donej 
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